A common interpretation of achievement test results is that they provide measures of achievement that are much like other measures we commonly use for height, weight, or the cost of goods. In a limited sense, such interpretations are correct, but some nuances of these interpretations have important implications for the use of achievement test results. This paper will contrast two different theoretical underpinnings for the interpretation of educational assessments results as measurements. One of these theoretical views comes from initial attempts in psychology to measure the amount of a trait that was exhibited by a person. The other theoretical view comes from early work in education to measure how much of a desired curriculum was acquired by students. At times, these views conflict with each other and lead test developers and policy makers to ask for the impossible. After summarizing the two theoretical positions, the areas of conflict will be discussed. Finally, some recommendations will be given for what can be done to clarify the issues and minimize the problems that result from using conflicting theoretical frameworks. March 29, 2017. In this paper based on his lecture, Dr. Reckase addresses two perspectives on test design: the psychology perspective and the educational perspective. In the psychology perspective, the goal of instrument development is to produce items or tasks that will estimate a student's location along a specific continuum. In the educational perspective, the goal is to estimate what proportion of a specific domain has been acquired by students. On the surface, the two approaches appear similar: Both select a set of test items to administer; both are designed to estimate a single score. However, Dr. Reckase cautions that mixing these two development concepts can lead to confusing interpretations and weakly supported results.
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Dr. Reckase also addresses the changing perception of measurement by pointing out that the visible means by which the previous generation learned to measure time and space in elementary school are no longer apparent in the 21st century. Distance is now measured by GPS instead of a measuring tape; time is marked by a digital readout rather than hands on a clock. Test measurement, he tells us, follows the same pattern: Achievement is not measured by a sum of scores from test items but by various statistical models unseen to the end users of the results.
In his conclusion, Dr. Reckase offers suggestions to balance the approach to test design with the use of results in order to gain a more accurate picture of what today's students know and can do.
The William H. Angoff Memorial Lecture Series was established in 1994 to honor the life and work of Bill Angoff, who died in January 1993. For more than 50 years, Dr. Angoff made major contributions to educational and psychological measurement and was deservedly recognized by the major societies in the field. In line with Dr. Angoff's interests, this
Introduction
The motivation for writing this report is my sometimes frustrating experience of either orchestrating achievement test development or reviewing the achievement test development processes used by others. These experiences are frustrating because approaches to test development sometimes appear to have conflicting goals that make it difficult to produce a quality test that provides the desired information. The purpose of this report is to lay out what I think are at least partial causes for the conflicts and my resulting frustration. These causes are presented with the hope that they will clarify issues and thereby help test developers avoid some of the mistakes I and others have made when approaching the challenge of producing sound tests for assessing educational achievement.
At the most basic level, this report is about attempts to measure student achievement, so it is important to consider what it means to measure something. Measurement is one of those things that on the surface seem very simple, like stating that 1 + 2 = 3, but are very difficult to treat in a rigorous mathematical way. There are very difficult theoretical texts on the topic of whether test results can be treated as measurements, such as the three-volume set by Krantz, Luce, Suppes, and Tversky (1971) with various orders of authorship Tversky, 1990 and Tversky, 1989 ). This report is not going to consider measurement in that technical way because it is more focused on how persons who set testing policy or who are consumers of test results think about measurement. Of course, I do not know how they think for sure because I am not inside their heads, but I have observed people in those positions for many years, and I will present some hypotheses about their general understanding of measurement concepts.
Measurement in Everyday Life and the Technology of Measurement
Most of us have learned about measurement through our elementary school education. We have learned that if you want to measure the length of a line or some physical object, a ruler or tape measure is used. And we are taught how to place the ruler or tape measure next to an object and read the numerical value of length from the markings on the ruler or tape. We are also taught how to measure weight (or more accurately, mass) using a spring scale or a balance. And very early on, we are taught about time. When I went to school, we learned to measure time using the change in locations of hands on a clock. These early lessons seem to be very effective, and adults in policy positions or who are consumers of test results are still very adept at measuring tangible things. Making marks on a wall to show the growth in height of a child seems to be a very compelling visual metaphor for making measurements and noting changes in the thing measured.
Some interesting properties are present in these familiar measurements. Length and weight have easy-to-understand zero points. They also have easy representations of equal units through the concatenation of identical pieces. Time is different, however. Although we can count days as time units, it is not clear what a true zero point is for days. Instead, we define arbitrary zero points, such as our day of birth or some other historical event. Time units come from things that we believe are regular, such as orbits around the sun or swings of a pendulum. But, I have learned that even my digital clocks seem to drift from the "official" time for the country. Maybe the regular events are not as regular as is generally believed.
It is an interesting observation and an important point for the ideas presented here that the measurements that we encounter daily for length and weight and time often no longer have a connection to the physical processes we learned about in elementary school. For example, when I go for a daily walk, I use an application on my cell phone to determine the distance that I have walked. Clearly, no ruler or tape measure is involved, but I accept the result that shows up on the screen on my phone as being reasonably accurate. However, I have no idea how it is done. I have some theories that it has to do with GPS satellites and there is probably some geometry involved in getting the distance between successively estimated points, but before writing this report, I did not think very much about it.
Similarly, when I weigh something on my kitchen scale, I get a digital readout, but I do not really know how it works. I suspect that a crystal or a piece of metal changes electrical resistance when pressure is applied and that change in resistance is related to the amount of pressure/weight. Then an electro/physical model connects the weight of the object to the digital presentation of the estimated weight. The case is similar for time. Most of my clocks are now digital, and I think that time is measured by the number of vibrations of a crystal when an electrical current is applied. This guess is based on something I read years ago. However, I am fairly sure that a physical model connects some electrical phenomenon to the passage of time and is used to count units of time.
The point of this discussion is to indicate that even though our understanding of measurement of physical objects and time is based on simple physical measurements, the reality in our current technological society is that these measurements are made with complex models that are not readily apparent to the typical consumer of the results of the measurements. This observation is important because the measurements that come from tests have the same characteristics. The general public learns about tests as measurements in those same elementary school classrooms from the experience of taking and interpreting the tests administered to them by their teachers. They learn that the test score is the sum of the scores from each test item. They may also have learned the time-honored standard of 70% of maximum being the percent of correct responses needed to pass the test. But, like the physical measurement processes, large-scale tests do not obtain scores using the methods employed in elementary school. Instead, various statistical models are used to estimate a student's location on a scale and that estimated location can be transformed to something like the summed score used in elementary classrooms if it is desired. However, usually the results are reported on a different scale. For some time, the methods used by largescale testing programs were called "model-based measurement" (e.g., Embretson & Reise, 2000, Chapter 3) to emphasize the distinction with procedures based on the sum of item scores.
For this report, achievement measurement will be thought of as somewhat analogous to the measurement of time. Persons are located on a scale relative to a reference point, and we can determine if one person is farther from the reference point than another. I will elaborate on this later in the report.
My Personal Journey to Learn About Achievement Measurement
To explain my own personal view of achievement measurement, I need to give some of my personal history. I do not mean to suggest that my training in the area is any better than others in the field; it is simply different, and that has led me to certain insights.
My training in this area probably began at the elementary and secondary levels as was the case for the general population, but it came to a focus at the university level. I went to the University of Illinois, Champaign/Urbana as an undergraduate student expecting to major in mathematics. But, after a year of taking courses that culminated in one from the head of the department teaching out of a book called A Course of Pure Mathematics (Hardy, 1960) , I decided that pure mathematics was too abstract for me. So, I tried English literature, human physiology, and philosophy (also too abstract) before settling on psychology with a special interest in experimental social psychology and attitude change. I particularly remember a course taught by Professor Martin Fishbein that included material on creating attitude scales. To investigate attitude change, it was important to know where a person was on an attitude continuum at one point in time and then determine where he or she was after some event or intervention. This was the beginning of my interest in psychological measurement.
After finishing undergraduate work in psychology at the University of Illinois, I went to Syracuse University to pursue a doctorate in psychology with specialization in attitude change. But, my assigned advisor and head of the department, Professor Eric Gardner, told me there were no assistantships available in social psychology, so he was going to put me into psychometrics and statistics for a year, and if I did not like it, I could change later. Well, I did like that program of study and never thought again about returning to social psychology. I learned psychometrics from a psychological perspective and worked on a research project called the Adult Development Study (Monge & Gardner, 1970) where we produced many tests to gage the cognitive abilities of the adult population in the United States that had completed formal schooling. The information we gained was expected to help determine how to retrain people as the job market changed. The result was that I gained a lot of practical experience in test design and development from a psychological perspective.
Because of complications due to time in the U.S. Army after completing my doctorate, I was looking for an academic job in January rather than at the beginning of the academic year. Professor Gardner knew of a position in educational ETS Research Report No. RR-17-44. © 2017 Educational Testing Service psychology at the University of Missouri-Columbia that had not been filled the previous September. I applied and was granted an interview. That interview presented me with the first information that there might be a difference between test design and development from the educational perspective and the approach that I learned in my psychology program. I still remember the interview question, "What do you think about criterion-referenced testing?" I knew nothing about criterion-referenced testing. I thought they were asking about criterion-related validity and answered the question from that perspective. My answer must have made my level of ignorance very clear, but they hired me anyway. Perhaps they worried that they would lose the position if it was not filled during that academic year.
My first teaching assignment was a large lecture course on classroom assessment for prospective teachers. I knew only a little about this topic, but with the help of another faculty member, Terry TenBrink, who had taught the course for many years and who shared his lecture notes and his book (TenBrink, 1974) , I learned the material faster than the students in the class. This course was taught five times a year, and I taught it for 5 years before arranging for my graduate students to teach it on occasion. Over that period, I searched for a textbook for the course that balanced my view of measurement and the requirements of the course. Eventually, I settled on Measurement and Evaluation in Education and Psychology by Mehrens and Lehmann (1991) .
Teaching a course 25 times in 5 years is one way to gain thorough knowledge of the material. During that time, I also began doing work on computerized adaptive testing (CAT) and used a CAT for retesting students who did not perform well on their paper-and-pencil examination for the testing course. Developing a CAT for this course examination raised concerns about the unidimensionality assumption of item response theory (IRT), and those concerns led to my 1979 paper on how strong the first dimension from a test needed to be to support the use of an IRT-based scaling approach (Reckase, 1979) . The conflict between the psychometrics I learned as a graduate student and the characteristics of achievement tests was beginning to become evident.
I spent about 10 years at the University of Missouri and focused research efforts on CAT. Then, in 1981, I applied for a position at American College Testing (now ACT, Inc.) and was hired as director of resident programs. This position was the head of the department that developed the testing programs owned by ACT, including the college entrance examination. The department was also responsible for the ACT Proficiency Examination Program (PEP) (American College Testing Program, 1976) , which was a course credit by examination program.
The experience with PEP taught me that persons who run testing programs tend to want more from the test than it was designed to produce. The results from this testing program were generally used to make a pass/fail decision. If a cut score on the test's score scale was reached or exceeded, examinees would get credit for the corresponding course; if the score on the test was less than the cut score, no credit was awarded. The test worked well for that purpose. But, those who were responsible for testing policy wanted to give those who did not pass some information to help them prepare for a retake. They wanted subscores related to the test content.
So, here was my first instance of giving people what they wanted. We studied the test to see how many items would be needed to get a score that was reliable enough to report and then determined how many meaningful subscores could be reported for each test. We settled on 12 items as the minimum number needed based on the rule of thumb that a minimum reliability of .7 would give meaningful results. Further, we decided to only report three levels for the subscores: less than required, more than required, and not significantly different from the cut score. I do not know if these subscores were helpful for the examinees that did not pass.
For the ACT Assessment (American College Testing Program, 1989), we started using IRT for test design and construction even though the test was equated using the number-correct score. The tests in that program were designed to represent what was common in curricula across the United States for the particular subject matter areas that were considered. The tests were not designed to give a representative sample of items but, rather, a sample of items that would be predictive of performance in entry level courses at a college or university.
Later at ACT, our research team designed a CAT for placement in entry level college courses at 2-year colleges called COMPASS (ACT, Inc., 2006) . When designing that testing program, we had to confront the problem of using a unidimensional IRT model as the basis for the CAT, but the test specifications had to cover complex areas of achievement. We addressed the problem by making several unidimensional adaptive tests with software that would branch seamlessly from one to the other. An examinee could start with a test of arithmetic skills and knowledge and, if they performed well, quickly get branched to a test of algebra skills and knowledge. In mathematics, we developed five different tests based on unidimensional IRT models with flexible branching from one to another.
Two Perspectives on Test Design and Development
After many years of not only working on the development of achievement tests and teaching teachers how to produce them, but also with training in psychological testing and completing research on IRT and CAT, I began to realize that there are two different perspectives on test design and development, and these perspectives are not consistent with each other. This discovery is particularly troubling because many books that are used for teaching testing courses have keywords in their titles, like "educational and psychological testing," that do not highlight the differences in the approaches to test design and development. Instead, the titles imply that educational and psychological testing are the same thing or are, at least, very similar. The rest of this report describes the different perspectives on test design and development and then gives some examples of the problems that can arise if users of test results do not have a clear understanding of the differences.
Perspective 1: The Psychological Perspective
As I indicated previously, the initial understanding about test design and development that I gained through my undergraduate and graduate training in psychology was that persons are different on many different characteristics. These may be called traits or abilities, but there is a common idea that for each of the characteristics individuals differ in degree or amount. Each characteristic is thought to have a continuum that is defined from low to high or from most negative to most positive. This conception probably stems from the early work in psychophysics when many measurements were of reaction time and differences in perceptions of tones, strength, and so on. See Thorndike (1904) and Brown (1911) for a discussion of the requirement for measurement using homogeneous tasks and the idea of ordering persons on a continuum.
From this perspective, the goal of instrument development is to produce items or tasks that will give information to support accurate estimation of a person's location along the target continuum (see Wissler, 1901 , for descriptions of these tests). Later, scales were expanded to many other areas using ratings on bipolar scales with opposite adjectives at the extremes, such as slow versus fast or cold versus hot (Osgood, Suci, & Tannenbaum, 1957) . A useful visual metaphor for the continua behind the scales for psychological tests is a long railroad track winding through the countryside. In a sense, the task of a psychological test is to ask questions to find the location of a person who is on a train on that track. This metaphor will be expanded with an example later in this report.
Perspective 2: The Educational Perspective
The approach to test design and construction taken in educational settings is based on the idea that a domain of knowledge and skills is the target for instruction. The goal is to estimate what proportion of that domain has been acquired by students. This approach to test design and development has a very long history. As early as 1897, Rice (1897) presented descriptions of tests composed of items that were sampled from domains in spelling. Cornman (1902) replicated Rice's work and described the process:
Each column test consisted of fifty words selected from a "Review List of Difficult Words" for the particular grade to be tested, found in a modern spelling book. The review words (about five hundred in a list) were arranged in alphabetical order, and the fifty words for the first list were selected by taking the first, fifth, ninth, thirteenth word, etc.: those for the second list, by taking the second, sixth, tenth word, and so on. In this way, the lists were secured presenting approximately equal degrees of orthographical difficulty. (pp. 62-63).
For this spelling test, the domain of content was very well defined and systematic sampling was used to get representative samples for multiple test forms. Forty-two years later, Greene, Jorgensen, and Gerberich (1944) described a similar sampling process for developing achievement tests:
Tests make no pretense of measuring every skill, ability, fact attitude, etc., which the pupils acquire as outcomes of instruction. Such comprehensive measurement would be impossible with present measurement techniques and moreover would be relatively wasteful of time and effort. As a substitute, the same procedures of sampling as are used in many fields have been adapted to test construction. Just as a grain buyer samples a carload of wheat by taking ETS Research Report No. RR-17-44. © 2017 Educational Testing Service samples in order to obtain a measure of quality for the whole carload, a test constructor measures the educational attainments of pupils by constructing test items which represent widely the types of pupil outcomes expected and accepts the scores resulting from their use as representative of the pupils' relative achievements for the entire area sampled by the test items. Adequacy is the degree to which a test samples sufficiently widely that the resulting scores are representative of relative total performance in the areas measured. (pp. 63-64) .
Current thinking about achievement testing is not very different than it was in 1944. Downing (2006) continued to describe the main task of test development as obtaining a representative set of tasks from the domain; however, he now referred to a domain of skills and knowledge, such as those needed to practice medicine, as a "construct":
The validity of inferences for achievement test scores rests primarily and solidly on the adequacy and defensibility of the methods used to define the content domain operationally, delineate clearly the construct to be measured, and successfully implement procedures to systematically and adequately sample the content domain. (p. 7)
The use of the term construct here adds some confusion between the continuum concept used in psychological testing versus the domain sample used as the basis of achievement testing. On one hand, the sentence implies a single thing, "the construct," but it also emphasizes the sampling to the content domain.
Developing Tests Using the Two Perspectives
To emphasize the difference between the two perspectives for test design and development, idealized test development processes will be presented for each. These examples are simplified for the purposes of this report. Test development is a complex and detailed process that would take pages of text for adequate description. However, the important points about the differences can be made using these idealized examples.
Developing a Test Using the Continuum Model
Developing a test using the continuum model first requires the definition of the continuum. When I worked for the Adult Development Study at Syracuse University, we hypothesized that adults would differ on many different continua and we attempted to develop tests for each of them. An example is a test called Finance. It was hypothesized that as individuals gained life experience, they would also gain knowledge about finance, which was considered as a continuum. There was no conception of what a domain for "finance" might be. Instead, the goal was to create test items, in this case multiple-choice items, that would help locate persons along a continuum of financial skills. To do this, items were developed and field-tested to determine which would be highly correlated with the hypothesized continuum. Those that were highly correlated with the total score as a proxy for the continuum were considered and a set that spanned the range of the continuum that was of interest was used to create the short test of the variable, Finance.
A fanciful example that I use with my classes may clarify this point. Suppose that you have a friend who is in Washington DC, the location of my talk on this topic. That friend is someplace on K Street, and you want to meet him. However, your friend damaged his cell phone, and it can only receive text messages and respond with a Y for "yes" and N for "no." What questions would you text to your friend to find out where he is located on K Street? Figure 1 shows a map of Washington DC with arrows pointing to locations on K Street. The analysis we do in my classes shows that if a good set of questions is asked, such as "Are you west of 12th Street?," and your friend always gives an accurate answer, then you can locate that person with high accuracy after about 11 questions. That is, you would be close enough to your friend to see him. However, if your friend does not know the answer to your question-there is no option like "I do not know"-he must give a random response. This scenario is like guessing on a test. This random answer adds noise to the estimation with the result that more questions will be needed to get the same level of accuracy.
From this example, it should be clear that you would ask a different set of questions if your friend was near Rock Creek Park (the west end of K Street) than you would if he was near Union Station (the east end of K Street). It would not make sense to force questions about the area around Union Station if there was already sufficient information to know that your friend was near Georgetown (west end). This type of questioning is the basis for CAT, and it shows a strong distinction between building a test to find a location along a continuum versus a domain sample. You certainly would not want to define a domain of all places along K Street and get a representative sample of questions and then ask all of them. This approach would be inefficient and tedious. Even if the questions were being developed for several different persons, it would be best to think about questions evenly spaced along the continuum rather than randomly sampling them from the domain of all possible questions that could be asked.
Developing a Test Using the Domain Sampling Model
The domain sampling model starts with a detailed description of the domain. This description should be precise enough so that users can tell what is in the domain and what is not. The second step is to develop a test design that will yield a representative sample from the domain (often called a table of specifications). The table specifies a stratified sampling plan using subcontent domains as strata. The goal is to sample from the domain to get an estimate of the proportion of the entire domain that a person has acquired.
In theory, items could be developed to cover the entire domain, and the test could be developed by randomly sampling from the full set. However, that method is seldom used because it is too costly. Instead, items are developed for each stratification cell, and it is assumed that those in the cell represent the full domain of items that could be in the cell. Lately, a substantial effort has been made through what are called alignment studies to check if the set of items represents the domain (see Porter, 2002, for example) .
A fanciful example of the domain sampling approach to test development was given by Bock, Thissen, and Zimowski (1997) . They randomly selected 100 words from a secretary's spelling guide (Leslie & Funk, 1935 ) that contained 25,000 words. The percent correct was considered as an estimate of the percent of the total of 25,000 items that a person could spell correctly. This example is fanciful because actual practice with a domain sampling approach uses a more complex stratified sampling approach. For the spelling example, the total sample of 25,000 words might be stratified by part of speech and length of word. Then, the random sample might be drawn from individual stratification cells with the number drawn from each cell based on the proportion of the 25,000 words that were in each cell.
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When using this type of test development process, item analyses are still performed on the sets of items being considered, but items are only eliminated from consideration if they are clearly flawed. Bock et al. (1997) indicated that the 100 sampled spelling words differed substantially on item statistics such as difficulty estimates and measures of discrimination, but all were used for their test. For their example, only a single score was reported although different types of words clearly were included in the sample. Reporting was done in this manner because the goal is to estimate the total proportion of words from the full domain that can be spelled. This approach to test development is similar to "market-basket reporting," which is used to estimate changes in the cost of living. The costs of goods and services are obtained for a sample of purchases that is designed to represent the purchasing habits of the typical family in the United States.
A Comparison of the Two Approaches to Test Development
On the surface, the two approaches appear similar. Both select a set of test items to administer, and both are designed to estimate a single score. However, the surface view is deceptive. The continuum approach does not require a random sample of items. Instead, item selection is done in a way that allows accurate estimation of the location on a hypothetical continuum. If the goal is to estimate the level of a person's mechanical aptitude, the items are selected to cover a range of difficulty that will allow accurate location of the person on a mechanical aptitude scale. It is not clear how many items are in the full domain of possible mechanical aptitude items, and it is not necessary to know that. It is only necessary to be confident that the items are good indicators of location on the scale. This approach parallels the example of finding the person on K Street. The continuum approach is consistent with IRT and CAT. Much of the technology used for the analysis of tests is based on the continuum model.
The domain approach is based on the idea that it is possible to define the domain of interest and that it is important to know the percent of the entire domain that can be successfully performed by each individual. For example, arithmetic computation items that are the sum of two, two-digit positive integers are a well-defined domain consisting of 8,100 items. It would be impractical to administer all 8,100 items to students to determine the percent they can answer correctly, so it would be reasonable to randomly sample 20 of them to get an estimate of the total percent.
These simple domain examples seem to imply a single continuum, but the usual applications are more complex. Achievement tests are usually designed to get an estimate of the amount of the target curriculum for a subject matter area that has been acquired. Rather than these simple addition items, the curriculum may include addition, subtraction, multiplication, and division applied to simple computation problems and more realistic story problems. The problems might also contain integers, decimal numbers, and fractions as well. This domain is very complex and it is likely very challenging to determine the total number of items that make up the domain and the proportion that would fall into different stratification cells.
Even though the target domain for an achievement test is typically very complex (imagine one for 8th grade social studies), the scoring model that is used to get the estimate of the full domain that has been acquired is not. In many cases, summed scores, or proportion correct scores, are produced, or a closely related method, the Rasch model (Rasch, 1960) , is used to estimate a score on the domain. These models treat all items that are scored 0 or 1 as equally informative, and the Rasch model assumes that all items are measuring a single dimension. Most achievement domains do not meet the requirements for the use of unidimensional psychometric models.
It is interesting that the proportion or percent-correct score does not require a unidimensional assumption if it is clear what the results means. Suppose I am having a garage sale with all kinds of objects: children's books, furniture, electronic equipment, clothing, and the like. After the sale is done, someone asks what proportion of the objects sold. If I had a count of the total number of objects, my answer might be that 50% of everything sold. But, that answer treats each object as one thing and ignores the difference in value. It may be that all the children's books have sold, but none of the furniture. The sales may not represent the full domain, but persons might assume that they do. The challenge to the domain approach is to get the representative sample of the domain and use that as the basis for reporting the results. But often the full domain is not specified in much detail. Instead, a set of items is produced and it is assumed that they are a representative sample of the full domain. The full domain is the collection of items, that when randomly sampled, would give the set that of items that was actually used on the test. To the extent that the assumption is not true, the results will be misinterpreted-thinking that half of the furniture sold at the garage sale when in fact none did.
The most critical issue with the domain model is that the analysis technology that has been developed based on the continuum model is not a good match to tests produced assuming the domain model. At this time, that technology is dominated by methods that use IRT. Most achievement testing programs use IRT-based methods for item analysis, item selection, score reporting, and test score equating. Some use the IRT methods as the basis for CAT. Almost all the IRT models used assume a single hypothetical continuum for the representation of examinee performance. The more complex the domain is, the less the usually used IRT models match the complexity of the domain. This mismatch of analysis procedures and domain characteristics may not be too serious of an issue if the goal is to get an approximation of the average of all the components to the domain. However, users of test results usually want much more information from an achievement test than this simple approximation. The next section of this report describes what users of an achievement testing program want from it and how the domain and continuum models are related to those desires.
Desired Interpretations of Achievement Assessment Results
A cursory review of the types of results reported from state achievement testing programs 1 and the ways that results are discussed in popular newspaper articles 2 will show that there are at least three common desired interpretations of achievement assessment results. The first of these has become very popular in recent years as more focus has been placed on holding schools and teachers accountable. Policy makers have a strong desire for information about student growth in achievement from the assessment program. This indicator of growth is usually an indicator of change from one grade level to the next. This type of use of the results of achievement assessment programs is most consistent with the continuum model. This use has implied assumptions that students can be located as a point on a continuum, the continuum is the same across grades, and the change in location is an indicator of growth in achievement.
A second desired interpretation is that the content of instruction for an academic year is complex, and it would be useful to know how students are doing on the various parts of the instructional content. School administrators often want subscores or diagnostic classifications that will give information about performance on the various parts of the instructional content. This way of interpreting the results of an assessment program is consistent with the domain model, especially if the sampling of the domain can be thought of as stratified random sampling. If there are many cells in the sampling plan, why not report results for each of the cells?
A third desired interpretation is that the test items used in the assessment yield good examples of the kinds of performance that students are expected to exhibit in the classroom (see Popham, Cruse, Rankin, Sandifer, & Williams, 1985, for example) . That is, the test items are good examples of instructional tasks. If that is the case, then teaching to the test is the same thing as teaching to good instructional targets. This interpretation is also consistent with the domain sampling model. Educational policy makers expect that some of the tasks in the domain require higher order thinking and complex problem solving so the stratified sample from the domain should include items that elicit evidence of those types of behavior. And, teachers should also be helping students develop those skills, so including such items on the assessment will encourage teachers to include instruction to develop those skills. Developing tests as instructional targets tends to make them more multidimensional and less consistent with the continuum model. Complex items usually need multiple kinds of skills to arrive at a good response. This level of complexity is part of the reason for wanting to include them.
The fact that users of test results have more than one desired interpretation results in problems for the test development and analysis. The focus on growth is consistent with constructing the test to define a common continuum across grades. It is also consistent with the conceptual framework for unidimensional IRT models and much of the technology for equating and vertical scaling. But the desire for subscores and diagnostic classifications is consistent with a multidimensional view of the content of the test. The usual analogy for measuring growth is the set of marks made on a wall to show the change of height of children as they get older. This is an example of the continuum model. But if parents are interested in change in height, weight, strength, flexibility, achievement, and so on, the marks on the wall are not sufficient to capture all that is desired. Further, if one composite of physical attributes was desired to show the growth of children, it is not clear what the best one would be. Certainly, the average of all the things being considered would not make sense. So it is when growth in achievement is considered as growth in a complex domain of moderately related skills and knowledge.
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The desire to create test items that are good targets for instruction creates more problems. Such items tend to use multiple skills and knowledge that are difficult to separate. Such items also tend to take significant amounts of testing time so they reduce the opportunities to get good domain coverage.
The fanciful example of finding the location of a person on K Street might help clarify the challenges. If we are trying to track someone's movement on K Street, we can go through the question asking process twice and see how the estimate of location has changed. Posing these two sets of questions can be done efficiently. It is the equivalent of assessing growth.
But, if we restrict the development of the questions that are asked, requiring that they must be a representative sample of all locations in Washington DC, the set of questions will have to include many that are uninformative about the person's location (i.e., asking about the Smithsonian Castle when the person is near Rock Creek Park), and a two-dimensional model will be needed instead of a simple unidimensional one. Alternatively, if there really is interest in the location of the person in DC (not just K Street), forcing a unidimensional analysis model is like only being allowed to ask questions about K Street when the person is near the National Cathedral. In the first case, the process is very inefficient. In the second one, the constraints will make it impossible to accurately locate the person.
Having It All
Acknowledging the problems and reconsidering them as challenges could potentially result in an assessment system that would support all the interpretations that are desired. For example, if both growth in performance and assessment of subdomains are desired, a testing program that accepts the multidimensionality of the domain could support both interpretations. One way is to identify the subscores that are desired and develop short CATs for each of them. Then, a composite score from the subscores could be defined based on a rational analysis of the domain and the defined composite could be used as the growth measure. This process is essentially how the Armed Services Vocational Aptitude Battery (ASVAB) is developed (see Carretta, 2014 , for one of many papers on the topic of using composites of subscores). Short adaptive tests are developed for many test areas, and then each military service forms a composite of the resulting scores that best predicts performance in training schools for that service (see Segall & Moreno, 1999 , for the details of ASVAB development). A parallel approach could be adopted for achievement tests.
Another approach would be to accept the multidimensionality and use a multidimensional IRT (MIRT) model instead of the unidimensional model. Then, specific directions in the multidimensional solution could be selected to specify subscores to be reported as well as a composite scale for the purposes of tracking overall growth (see Reckase, 2009 , for examples of this approach). This approach is more challenging than the first because MIRT linking and equating have not yet been used for large-scale testing programs. However, the approach has been demonstrated in research papers (see Reckase & Xu, 2015, for one example) . This approach would take more initial development to determine solutions to practical implementation problems.
A third approach might be to collect the actual outcomes of instructional activities and evaluate those as the assessment. Work has been done in the past to develop paper-and-pencil portfolios as structured collections of the students' work. These portfolios were evaluated through rigorous scoring processes based on formal scoring rubrics (Reckase, 1995) . With greater movement of computers into the classroom, the collection of work could be done electronically, and the scoring could be done by combinations of human and automated processes.
A fourth approach is more at a stage of conceptual development than the previous three. Complex test items or simulation tasks could be developed that, in the aggregate, require all the skills and knowledge that are in the target domain. With computer technology, a complete record of the work that students do when interacting with the task can be collected. This record can include every keystroke and the amount of time everything takes. It might even include eye tracking. To make this approach work as desired, models of learning and students' interactions with complex tasks would need to be developed and evaluated. Current work in this area is in its infancy (one example is given by Cohen & Kolstad, April, 2000) . But, with more resources, this approach may be shown to be viable.
Although work has been done on these alternatives, little interest has been demonstrated in using them for large-scale achievement testing. They seem too complicated, or there has been no demonstration that they will work in practical settings. Also, most achievement testing programs do not have the resources or time available to do the research and development needed to make the last three of the four alternatives described into practical methods. So, the current state of affairs leads to testing programs that have ambiguous interpretations.
The current state of large-scale achievement testing can be summarized as follows:
1. Develop the test using a domain sampling model. Specify the domain through a description of the requirements for the curriculum and develop a test blueprint that is consistent with the idea of stratified sampling, although actual sampling from a domain is seldom performed. 2. Include in the domain items that are simulations or "big" items that get at multiple skills and levels of cognitive complexity. These items are scored either using overall ratings or as "analytic scoring" that produces scores for parts. These items are sometimes treated as testlets to account for the dependencies in the parts. 3. Even though the first two descriptions yield tests that measure many skills and abilities, use the technology based on the continuum model to analyze the data. This approach creates a composite score for reporting, but the composite is defined by the internal workings of the analysis program rather than by a rational analysis of the domain. Also, the composite may shift from grade to grade, adding error to growth estimates.
The current approach to large-scale achievement testing has other problems that are symptoms of the conflict between the two development models. Items are sometimes deleted because of lack of fit to the unidimensional IRT model. These deletions may reduce domain coverage in favor of matching the continuum model. The opposite effect is adding content balancing to a CAT to deal with the complexity of the domain even though a unidimensional model is assumed for operating the CAT. If the set of item response data can be well fit by a unidimensional model, then content balancing should not be necessary. All the items are measuring the same construct. Testing programs often go even further. The unidimensional model is considered well supported by the data, but then there is a desire to report subscores implying that the response data need a multidimensional model for accurate representation.
The result of mixing these two development concepts is confusing interpretations and continuing attempts to report results that are weakly supported by the models. By emphasizing the inconsistencies between the two models, my hope is that greater clarity can be achieved when tests are developed.
What Can Be Done to Improve the Situation?
It is easy to criticize and complain. It is challenging to arrive at solutions. One approach to improve the design of tests is to acknowledge the multiple uses that are desired for test results and the limited resources available to support all of those uses. One way to do that is to start the process by developing a list of inferences that users want to make from the results of the test. Ultimately, each of the inferences should be supported with a validity argument based on the data obtained from the testing program. The list of desired inferences can then be prioritized in importance. If an inference about the growth in student achievement is most important, then the development of a test based on the continuum model needs to be emphasized. If an inference about the coverage of the domain is most important, then a good domain description and a sampling plan is needed. Each of the desired inferences has a cost. Adding more inferences have additional costs, and it costs more if the models are inconsistent. Developers can start at the top of the list and work down until the resources are used up. Someone will then have the difficult task of telling users that those inferences that are below that point on the list cannot be supported.
This approach has the advantage that some parts of the validity arguments for the desired inferences are developed as a natural part of the test design and development process. In the past, validity studies tended to be performed after a testing program was operational rather than at the beginning. There is also a tendency to add desired inferences after the test development is done. I expect there is no way to avoid wanting to add uses, but it would be helpful if the validity argument was the first step when any additional inferences are considered. However, when resources run out, someone must say it is not possible to add these additional inferences to the interpretation of the results of the program.
I must confess that I have been guilty of doing the things I am now arguing against. As a test designer and developer, I have often tried to give users everything they asked for even if it did not seem like a good idea. I know users want subscores even if they do not know what they will do with them. I know that growth measures are desired even when there are changes in the curriculum from grade to grade. I know policy makers want the test to cover everything to make sure everything is taught. The only way to do all of this is to get more information from the testing program, but policy makers also want to reduce testing time. One solution is to collect all the work from students throughout the academic year and figure out a way to score the results of each assignment. Then it would also be required that the results from all the assignments could be used to estimate locations on scales that are meaningful for reporting results. Then of course, information would be required to support inferences that are drawn from these results. Teachers already do these tasks to some extent. They compile all the information to report grades. But the grades are not comparable across classrooms, so it is not possible to draw all the inferences that are desired by policy makers. The typical result is a grade point average that has uncertain meaning.
Developing models to analyze the collected information from a year of instruction will not be easy. It will likely take years of research to provide information to support all the inferences that users want. But, I am optimistic. I think it can be done. The challenges will be how to satisfy those who want everything today and how to get more information per unit of time so that all the inferences can be supported.
Final Thoughts
The major factor that limits our capabilities to get information to support all the desired inferences is time. It is difficult to get sufficient information for accurate estimates of location or proportion of a domain when there is only time for the administration of a relatively small number of dichotomously, or even polytomously, scored items. Sixty test questions seem like a lot, and administration of them takes at least an hour, and certainly more time if they are complex items. But, the kind of picture of students' skills and knowledge that can be obtained using about 60 pieces of information is very limited.
To make this point, consider the picture of a student ( Figure 2 ) that was made with 56 integers represented by gray pixels. The integer numbers were turned into shades of gray to generate the picture. This amount of information does not provide much of a picture. Even if more levels of information were obtained from each item to allow a color image to be produced, the picture is still not very informative (see Figure 3) .
A good picture requires millions of pieces of information, 7,990,272 pixels in this case (see Figure 4 ). This need for more information is the problem that we encounter when trying to get an accurate representation of what students know and can do. With limited time, the result is a very low-resolution picture. The hope is that with more research we can collect more useful information using technology so that we can give users the level of detail that they want.
Do Achievement Assessments Result in Achievement Measurements?
In my opinion, the answer is no. One of two things tends to happen. Either the continuum model is distorted by forcing domain sampling on it, violating the assumption of a single continuum, or the domain model is well implemented, but then the data are analyzed using the technology developed for the continuum model. In the former case, the estimates of location on the continuum are tainted by information that is unrelated to it. In the latter case, the information from the domain is projected onto an ill-defined composite of all the concepts that are included in the domain. In either case, the meaning of the reported score is not clear.
The purpose of this paper has been to highlight conflicting uses of models that cause problems in the interpretation and use of test scores. In some cases, the results from using both conceptual models are not too bad. The domain that is sampled may have a hierarchical content structure that can be reasonably approximated by a continuum. However, in general, that is not the case.
Ultimately, those who develop tests and report results should seek to do no harm. They should try to make sure that what is reported can be interpreted accurately. It is doubtful that scores on individual items or highly correlated subscores can be interpreted in a meaningful way. If the domain model is used, care should be taken that the test really is a representative sample of the domain so the scores have an interpretation that can be supported.
It seems appropriate to finish with a quote from those great students of testing policy, Keith Richards and Mick Jagger: "You can't always get what you want, but if you try sometimes well you might find, you get what you need" (Jagger & Richards, 1969 , side 2, band 4). Although it is not possible to give users and policy makers everything they want, maybe we can give them what they need. 
